ABSTRACT This study was aimed at evaluating textural properties of cooked chicken breast meats obtained from 3 production systems (conventional raising, feed modification, and caponization) and determining the relationship between instrumental parameters and sensory attributes associated with the texture of capon meat. Texture of cooked breast meats was determined using 3 instrumental methods: Warner-Bratzler Shear (WBS), texture profile analysis (TPA), and uniaxial compression (UC), and sensory analysis by trained panelists. The results indicated that cooked caponized meat showed the lowest values of WBS force, shear energy, hardness, Young's modulus of UC, and the 2 sensory attributes (firmness and number of chews) (P < 0.05). In contrast, springiness and juiciness were the highest in the caponized meat (P < 0.05), suggesting that capon meat was more tender and juicier than the others. Feedmodified chicken samples showed intermediate textural characteristics between the samples of capon and conventionally raised broiler. Pearson's correlation revealed that WBS force, shear energy, Young's modulus of UC, gumminess, and springiness were strongly correlated with 3 sensory attributes (firmness, number of chews, and juiciness). Partial least squares regression (PLSR) demonstrated that 72% of all sensory attributes for the first 2 PLSR components were explained by 36% of the instrumental parameters and the production systems. Loading and score plot illustrated that conventional raising contributed to a high degree of firmness and number of chews, and positively correlated with shear energy, WBS force, gumminess, hardness, and Young's modulus. Contrarily, caponization was negatively correlated with those sensory attributes. The univariate analysis indicated that firmness and number of chews were positively correlated with all instrumental parameters, except springiness. Juiciness was positively correlated with springiness but negatively correlated with the others. The study suggested that the cooked meat of capons could be differentiated from those of broilers raised conventionally and with feed-modified diets based on textural properties. Based on the optimized simulating equation, texture of caponized breast could be explained by WBS force, shear energy, Young's modulus, and gumminess.
INTRODUCTION
Broilers have been a predominant poultry consumed globally as they are an inexpensive, good source of high-quality protein. Nonetheless, a number of consumers also demand different varieties of poultry and their products. In this aspect, the caponized chicken or capon, a male chicken with testes artificially removed, has gained more popularity due to its unique textural C 2017 Poultry Science Association Inc. Received June 10, 2016. Accepted January 6, 2017. 1 Corresponding author: wonnop@biotec.or.th characteristics. Capon meat is not only tender and juicy, but it also provides stickiness and gumminess characteristics to some extent. Initially, caponization applies a surgical operation or implantation of a synthetic hormone (hexoestrol) to manifest sexual maturation of male chickens, resulting in tremendous changes in physical characteristics and fat accumulation in the birds (Tor et al., 2002; Miguel et al., 2008; Sirri et al., 2009) . The increased fat, including abdominal, subcutaneous, and intramuscular fat, enhances flavor, juiciness, and tenderness of the meat (Mast et al., 1981; Chen et al., 2005; Sirri et al., 2009 ). However, testes removal via surgical operation has raised some ethical concern. Furthermore, hormone implantation has 2491 recently become prohibited in many countries, including Thailand, because the residues found in the meat have been reported as teratogenic, mutagenic, and carcinogenic agents. Hence, it has impacted on consumer concerns about hormone residues in food product. As an alternative solution, some Thai chicken producers have employed a novel feed modification scheme with an attempt to produce meat with similar capon characteristics. Nevertheless, scientific investigation comparing the quality of caponized and feed-modified cooked chicken meat or investigation of factors mediating characteristics and quality of the cooked chicken meat from this production has not been reported.
Texture has been considered the most important quality determinant influencing consumer acceptance towards cooked meat (Szczesniak et al., 1963) . Meat texture can be assessed by sensory evaluation, instrumental analyses, or a combination of both methods. Descriptive sensory analysis directly reflects human sensation toward the samples, but it requires a panel of trained assessors or a large group of untrained consumers. The method is thus expensive and is impractical for routine quality control in the industry. Conversely, instrumental texture analyses, such as Warner-Bratzler Shear (WBS), uniaxial compression (UC), and texture profile analysis (TPA), are more pragmatic and have been widely utilized as routine standard meat texture monitoring. The WBS test gives the maximum force required to shear through a meat sample with standardized cross-sectional area and fiber orientation, which is shown to be a good indicator for meat tenderness (Tornberg, 1996; Schilling et al., 2003; Lyon et al., 2004; Zhuang and Savage 2008; . For the UC test, a food sample is compressed in one direction while the other 2 dimensions are unrestrained. Such a test is mostly used to investigate the mechanical behavior of semi-solid or soft foods, e.g., fish-meat gels and surimi-based gels (Kong, 2005) . Alternatively, TPA applies a double compression cycle on food samples, in which TPA parameters such as hardness, fracturability, springiness, cohesiveness, gumminess, and chewiness can be deduced from the measurement. The use of TPA may complement and extend the results obtained from the WBS test in terms of other unique texture characteristics of capons, particularly stickiness and gumminess. Prior to the development of a routine texture assessment for cooked chicken meat, the selected methods must be validated such that they can provide a significant correlation between the given parameters and sensory attributes. Otherwise, the acquired texture values may not accurately relate with human acceptance. Although WBS and TPA parameters have been proposed as good predictors of sensory texture in beef (Caine et al., 2003; de Huidobro et al., 2005) and pork (Los et al., 2016; Choe et al., 2016) , the studies concerning the relationship between instrumental variables and sensory attributes of cooked chicken breast meat are still limited. Additionally, instead of using a single parameter for each instrumental analysis as found in previous investigations, this study focused on using the correlation between multiple instrumental parameters and sensory attributes for evaluating the textural properties of cooked chicken breast.
Among regression analyses, partial least squares regression (PLSR), a multivariate technique, has been widely employed to interpret results from sensory evaluation (Abdi and Valentin, 2007) . Unlike multiple linear regressions (MLR), PLSR is more suitable for predicting dependent variables (Y) from predictors (X) when numbers of predictors are greater than the observations, and multicollinearity exists among predictors. The method extracts a set of orthogonal factors, called latent variables, that account for most of the variation in the responses from X and Y, and simultaneously decompose X and Y into components explaining covariance between those matrices, hence offering a powerful prediction model (Naes and Martens, 1985; Abdi and Valentin, 2007) .
The objectives of this study were 1) to determine textural characteristics of cooked chicken breast obtained from conventional raising, feed modification, and caponization using sensory evaluation and instrumental tests, 2) to define the relationship between instrumental parameters and sensory attributes associated with textural characteristics of cooked capon meat through PLSR analysis, and 3) to establish an equation for estimating the caponized characteristics of chicken breast meat.
MATERIALS AND METHODS

Birds and Diets
Conventionally raised broilers, feed-modified chickens, and commercially caponized chickens were used in this study. The conventionally raised and feed-modified chickens were obtained from the same flock, and subsequently divided into 2 groups. The conventionally raised broilers were fed ad libitum with commercial diet formulated by Sun Feed Co., Ltd. (Saraburi, Thailand) based on a 3-phase feeding regime. In the starter phase (one d to 10 d), chickens were fed with diet containing 21.3% crude protein (CP), 3.5% crude fiber (CF), 4.7% crude lipid (CL), 6.3% crude mineral (CM), and 3,075 kcal metabolizable energy (ME) per one kg of dry diet. For the grower phase (from 11 d to 35 d), the birds were fed with diet containing 19.3% CP, 4.3% CF, 5.8% CL, 6.3% CM, and 3,175 kcal ME per one kg of diet. For the finisher phase (from 36 d to 50 d), the chickens were fed with diet consisting of 17.5% CP, 4.8% CF, 6.7% CL, 6.7% CM, and 3,225 kcal ME per one kg of dry diet. On the other hand, the feed-modified chickens were reared under similar conditions and fed a diet supplemented with 1 g mixed herbs per 1 kg dry diet throughout the phases. For caponized chickens, the carcasses were collected from local a poultry plant by Sun Food International (SFI) Co., Ltd. to benchmark the quality characteristics of commercial capons
Slaughtering and Sample Collection
All chickens were processed in accordance with an industrial standard practice on the same day. After 12 h of fasting, the chickens were transferred to the industrial abattoir (Saraburi, Thailand). The birds were manually hung on shackles, electrically stunned using water bath, and slaughtered by manual neck cut. The birds were then bled for 3 min, scalded at 70
• C for 2 min, subsequently put in a rotary drum picker for 30 s, and eviscerated. All dressed carcasses were then chilled in a tumble chiller using a water immersion method in iced water (approximately 0.6
• C) for 75 minutes. After chilling, 25 carcasses of each treatment were randomly selected from the processing line (n = 25) based on dressed weight of 2.8 ± 0.1 kg. The carcasses were dissected into cuts, and breast meat (average weight of 300 ± 30 g) was collected for the experiment. In this study, the left breast was used to determine textural properties using the instrumental method whereas the right side of the breast was used for sensory analysis. Excess subcutaneous fat was then removed by trimming. Each breast sample was vacuum-packed individually in a polyethylene bag and aged at 4 ± 1
• C for 5 h (approximately 6 h after slaughter). The meat samples were then frozen at -40
• C for 12 h and stored in a freezer (< -18 • C) until further analysis.
Cooking Preparation
Breast meat samples were thawed at 4
• C for 12 h before cooking and subsequently cooked in a water bath (Model WNE 22, Memmert, Inc., Schwabach, Germany) at 95
• C. The internal meat temperature was monitored throughout the cooking process with a thermocouple inserted into the geometric center of the breast meat. The treatment was discontinued when the internal temperature of the sample reached 80 ± 2
• C (approximately 45 to 60 min). After cooking, samples were cooled in iced water until the internal temperature lowered to 30
• C. The cooked chicken meat was finally stored at 4
• C until further texture analyses.
Instrumental Texture Analysis
Each side of the cooked chicken breast meat was cut into 6 rectangular cuboids with a dimension of 10 × 20 × 10 mm for the WBS test (Figure 1 ). The remaining sample was manually cut into 12 cubes with a dimension of 10 × 10 × 10 mm according to Takei et al. (2016) with some modifications. Half of the cubes were subjected to TPA and the other half were tested in the UC experiment. All meat samples were cut parallel to muscle fiber alignment. Due to the complex microstructure and geometry constraint of chicken breast meat, it was easier to control muscle fiber direction in cube samples than in cylindrical ones. Cube samples were more con- sistent and more appropriate than the cylinders from the experiment point of view.
Warner-Bratzler Shear (WBS) The WBS of 6 cuboids from each side of the cooked breast (12 in total per bird) was analyzed using a TA-XT2i texture analyzer (Stable Micro Systems, Godalming, UK) equipped with a 3-mm-thick Warner-Bratzler blade (code HDP/BSW, Stable Micro Systems). The instrument parameters were set as follows: crosshead speed one mm/s, working distance 25 to 30 mm, and trigger force 0.2 N. All samples were cut perpendicular to the longitudinal orientation of muscle fiber according to the method described by Dawson et al. (1991) . The WBS force (N), maximum force obtained while cutting through the meat, and shear energy (N·mm), area under the force deformation curve, were automatically calculated by Texture Expert version 1.0 software (Stable Micro Systems).
Texture Profile Analysis (TPA) Six cooked chicken cubes of each breast (12 in total per bird) were used to obtain TPA parameters using the TA-XT2i texture analyzer equipped with a 50 mm diameter cylindrical aluminum probe (code P50, Stable Micro Systems). The testing conditions were programmed as follows: crosshead speed 1 mm/s, holding time 1 s, working distance 40% strain, and trigger force 0.1 N. The TPA parameters including hardness (N), fracturability (N), springiness (ratio), cohesiveness (ratio), gumminess (N), and chewiness (N·mm) were calculated from the force-time curves recorded for each sample using Texture Expert version 1.0 software (Bourne, 1978; Herrero et al., 2007) .
Uniaxial Compression (UC) The remaining 6 cooked chicken cubes were used to determine the Young's modulus using a TA-XT2i texture analyzer equipped with a cylindrical aluminum probe (50 mm in diameter). The testing conditions were set as follows: crosshead speed one mm/s, working distance 40% Chew the sample and count the number of chews required to swallow -strain, and trigger force 0.1 N. The modulus was calculated from the initial slope of the stress-strain curves (Mathoniere et al., 2000) .
Sensory Evaluation
Panel Training Training program was carried out according to the method described by Ergezer and Gokce (2011) and Sow and Grongnet (2010) with a slight modification. All panelists must pass 3 training sessions with a minimum of 50 h training in texture profiling before performing sensory evaluation of chicken meat texture. In the first training session, the panel was requested to list all textural terms that they would use to describe the texture of cooked meat. The panel was allowed to freely discuss during this session. At the end of the first session, the 3 most mentioned terms, i.e., firmness, number of chews, and juiciness, as detailed in Table 1 , were selected for the subsequent descriptive sensory evaluation. In the second session, the panel was introduced to the chosen meat textural attributes, along with their definitions and instruction to evaluate such characteristics. The panel was subsequently allowed to practice scoring sensory attributes with reference food samples (Table 1) , followed by cooked chicken meat samples. The final session was aimed at monitoring performance of the panel's judgment and calibrating consensus intensity score. During this session, the evaluators reinvestigated the reference food samples and cooked chicken meat and compared the responses for consensus intensity scales. At the end of the last training session, 11 trained panelists were selected for sensory analysis based on their highly accurate testing during training and after calibration.
Descriptive Sensory Analysis All panelists were asked to evaluate sensory attributes of cooked breast meat from each treatment group in 3 sessions. Each session, conducted on different days, lasted 2 h 30 minutes. Twenty-five cooked breasts from each group were cut into 10 × 20 × 10 mm dimensions to obtain 125 strips per treatment group. Only 100 strips from each group were then randomly selected and used as meat samples for sensory analysis. The cooked meat samples were placed in plastic cups coded with 3 digits and kept at 25
• C to 30
• C for 5 min prior to serving. In each session, a panelist was served with 2 strip samples for evaluating firmness, number of chews, and juiciness based on a 15-cm unstructured line scale, with 15 as the highest and 0 as the lowest score. Mineral water and unsalted crackers were available to the panelists for mouth cleansing between samples. After each sample test, the panelists were allowed to take a 30-min break before the following sample. The last 2 days of tests were organized similarly.
Statistical Analysis
One-way analysis of variance was used to evaluate difference among chicken production systems using the SPSS software version 11.5 (SPSS Institute Inc., Cary, NC). The groups of data with significant difference (P < 0.05) were subjected to least squares means and Duncan's new multiple-range tests. Pearson's correlation analysis also was performed. The parameters with no significant correlation (P ≥ 0.05) were excluded from the subsequent partial least square regression (PLSR) analysis.
In PLSR, all significant instrumental textural parameters of cooked chicken meat from Pearson's correlation analysis and categorical variables of chicken production systems (conventional raising, feed modification, and caponization) were selected to form the explanatory matrix (X), while sensory attributes of cooked chicken meat were used to form the dependent matrix (Y). Since categorical variables were not numeric, they were assigned as numeric values, including the values of 0 and 1, where 0 indicated "no effect" and 1 represented "the effect of each production system". All variables were normalized by multiplying a reciprocal of standard deviation, and full crossvalidation was used to estimate the number of components to include in the analysis. The significant X variables were assessed by Marten's uncertainty test according to Martens and Martens (2001) and Sorapukdee et al. (2013) . The partial least squares components and loadings are calculated for the remaining data. Then, loading-score plotting was illustrated to study the overview of the regression. The impacts of explanatory variables (X) in predicting dependent variables (Y) were indicated by the estimated regression coefficients (β−coefficients) in univariate analysis. In this study, the important variables were estimated by a higher β−coefficient value and these variables were selected to establish equations for estimating the caponized characteristics of chicken meat.
With an attempt to investigate the caponized characteristics of chicken meat, simulating equations were established by the instrumental parameters that provided a higher β−coefficient from univariate analysis using stepwise multilinear PLSR. Then, these equations were validated with full cross-validation for estimating the correct number of latent factors. The accuracy of each equation was indicated by the lowest value of root mean square error of prediction (RMSEP), the highest correlation coefficients in cross-validation (R 2 cv ), and percentage of Y variances explained (%Y-explained) (Martens and Naes, 1989) . Briefly, RMSEP is a frequently used measure of the differences between values predicted by simulating equations and the values actually observed, while R 2 cv is a correlation coefficient between the response and cross validation used to estimate responsibility of each equation, and %Y-explained represents the predictive ability of a model performed by X variables to explain Y variables. Finally, all simulating equations were applied to validate with the data of caponized characteristics of chicken meat in this study. All multivariate analyses and simulating equations were implemented using the multivariate regression software Unscrambler (CAMO ASA, Oslo, Norway).
RESULTS AND DISCUSSION
Textural Characteristics of the Cooked Chicken Breast Meat
Texture characteristics of cooked breast meat samples, obtained from conventionally raised broilers, and feed-modified and caponized chickens, were determined using 3 instrumental methods (WBS, TPA, and UC) and sensory evaluation ( Table 2) . As for WBS force and shear energy, the cooked caponized chicken breast meat had the lowest values, followed by the feedmodified samples and the broiler meat, respectively (P < 0.05). WBS force and shear energy refer to the maximum force and energy required to cut through the sample; thus, the lower the values, the more tender the meat was. The results indicated that the cooked caponized breast was the most tender meat among the studied samples. Based on TPA and UC methods, the caponized meat exhibited the lowest hardness and Young's modulus of compression, followed by the feed-modified and conventionally raised broiler samples (P < 0.05). Springiness was significantly higher (P < 0.05) in the caponized chicken meat compared to the feed-modified chicken and conventionally raised broiler, which did not differ significantly from each other (P ≥ 0.05). Cohesiveness, gumminess, and chewiness of the caponized and feed-modified samples were significantly lower than those of the broiler meat (P < 0.05). For fracturability, the difference was found between the broiler meat and the feed-modified chicken (P < 0.05), but caponized samples showed no difference when compared with the other groups (P ≥ 0.05). The findings from TPA and UC tests were in good agreement with the results of WBS, confirming that caponized chicken meat was the most tender.
Sensory properties of the cooked chicken meat samples were evaluated by trained panelists. The caponized meat had the lowest score for both firmness and number of chews scores (P < 0.05), while the broiler sample had the highest score for both attributes (P < 0.05). The highest score for juiciness was given to the caponized meat (P < 0.05). The sensory evaluation confirmed that the caponized meat samples had the most tenderness among the studied chicken breast meat samples. The superior tenderness of caponized chicken meat over broilers observed in this study was in accordance with other previous reports. Lin and Hsu (2002) reported that breast and thigh meats dissected from capons had lower toughness than those from roosters. Sirri et al. (2009) also obtained lower Allo−Kramer shear values of cooked caponized chicken breast meat in comparison with intact cockerels (P < 0.05), but no difference was observed in cooked thigh meat. In the study of Miguel et al. (2008) , no significant difference in meat hardness was found between capons and cocks, but the caponized samples received a higher score in juiciness from a sensory panel. It has been argued that caponization enhances meat tenderness and juiciness in capons through the increase in overall carcass fat content (Tor et al., 2002; Chen et al., 2008; Miguel et al., 2008; Sirri et al., 2009 ) and the alteration of muscle fiber size and diameter (Lin and Hsu, 2002) . Recently, Adamski et al. (2016) compared meat quality between Sussex cockerels and capons, and reported a greater degree of fat content as well as water-holding capacity in 20-weekold capon breast compared with those of 20-week-old cockerels. Therefore, it can be speculated from the results shown herein that the modified feed scheme may have manifested fat deposition, muscle characteristics, and water-holding capacity, ultimately enhancing the chicken meat tenderness. It is worth noting that discrepancy regarding difference in abdominal fat content was found in some previous reports, which might be due to differences in breeds or diets (Tor et al., 2002; Symeon et al., 2013) .
Relationship between Sensory and Instrumental Analysis
All textural parameters (Table 2) were subjected to Pearson's correlation analysis in order to examine correlation between the instrumental texture parameters and the sensory attributes of the cooked chicken meat (Table 3) . In this study, degree of correlation was classified based on the absolute value of correlation coefficient (r) as indicated in the article by Evans (1996) , 0.00 to 0.19 = "very weak," 0.20 to 0.39 = "weak," 0.40 to 0.59 = "moderate," 0.60 to 0.79 = "strong," and 0.80 to 1.00 = "very strong" correlation. The results indicated that firmness of cooked chicken meat was strongly correlated with shear energy, WBS force, Young's modulus of compression, and springiness. Furthermore, the number of chews before swallowing showed a strong correlation to WBS force, shear energy, gumminess, and Young's modulus. In contrast, a significant negative correlation between juiciness and Young's modulus of compression, WBS force, shear energy, and gumminess was observed (P < 0.05). However, none of the sensory attributes had significant correlations with fracturability (P ≥ 0.05), suggesting no significant impact of this parameter on the chosen sensory attributes of cooked chicken samples. Accordingly, fracturability was neglected from the explanatory data set in the subsequent PLSR analysis.
Partial Least Square Regression (PLSR) Analysis
Multivariate Analysis The PLSR was implemented to define the relationship among the 3 sensory attributes and the 8 significant instrumental texture parameters of cooked chicken breast meat from different production systems. According to Pearson's correlation, the 3 sensory attributes were included in the Y matrix whereas the 8 significant instrumental texture parameters were grouped as X variables. The 3 production systems, including broiler, feeding modification, and caponization, were classified as categorical variables and incorporated in the X matrix. Figure 2 illustrates the loading and score plots between the first 2 PLSR components. The first PLSR component explained 31% of the explanatory matrix (instrumental texture parameters and production systems) and 54% of the dependent matrix (sensory attributes). The second component explained 5% of the explanatory matrix, and 18% of the dependent matrix. Overall, 72% sensory attributes were explained by 36% of instrumental texture attributes and categorical variables. For the explanatory matrix, the first PLSR component was positively defined by shear energy, WBS force, gumminess, hardness, Young's modulus of compression, chewiness, cohesiveness, and conventional raising production, and negatively explained by springiness and caponization. The second PLSR component was positively described by chewiness, springiness, gumminess, cohesiveness, hardness, and caponization, and negatively explained by feed-modified chicken, Young's modulus of compression, shear energy and WBS force, respectively. For the dependent matrix, firmness and number of chews showed a positive correlation, but these parameters were negatively correlated with the juiciness.
The results suggested that firmness and number of chews were positively explained by shear energy, WBS force, Young's modulus of compression, hardness, gumminess, cohesiveness, and chewiness, while juiciness was positively explained by springiness. An explanation regarding the positive correlation between juiciness and springiness has not been discussed in any previous studies. Herein, it could be speculated that the relationship between those 2 parameters is linked by an alteration of muscle fiber structure. Chang et al. (2012) reported that springiness of cooked beef was correlated with the degree of fiber swelling. As the fibers swell, more intracellular space between myofilaments is available for water molecules to reside, thereby improving waterholding capacity (Huff-Lonergan and Lonergan, 2005) and perceived juiciness of meat after cooking (Smith and Acton, 2001) .
The score plot (Figure 2) shows the cluster of data in multivariate space of the first 2 component score vectors, and the data are classified in 3 subpopulations according to the production systems. Conventional raising production contributed to a high degree of firmness and number of chews while caponization negatively correlated with those sensory attributes. As expected, feed modification data were clustered between broiler and caponization, implying the intermediate meat texture characteristics between both systems. Considering all these results, it was observed that juiciness and springiness are important textural characteristics of caponized meat.
Univariate Analysis
The relationships between each X variable in the explanatory matrix on the prediction of each Y variable in the dependent matrix were determined using univariate analysis. Firmness was the best explained attribute with 76.9% of its variation explained by 2 PLSR components, followed by number of chews (66.3% by 2 PLSR components) and juiciness (37.7% by 3 PLSR components), respectively. The greater %Y-explained that is accounted from the smaller numbers of PLSR components indicates the better prediction of such sensory properties based on the explanatory matrix.
The estimated regression coefficients (β-coefficients) of explanatory variables for predicting all studied sensory attributes are shown in Figure 2 . It is evident that caponization showed the most influence on the variation of all sensory and textural properties with negative correlation with conventional raising production. Feed modification exhibited no significance in predicting these sensory properties. For all studied sensory attributes, WBS force showed the highest regression coefficients followed by shear energy and Young's modulus of compression. The current PLSR findings corresponded with the previous study of Cavitt et al. (2004) , addressing WBS force and shear energy from a razor blade as important factors to explain firmness (initial hardness) of cooked chicken breast meat (R 2 = 0.75 and 0.84, respectively). Those 2 variables were also positively correlated with number of chews to swallow (R 2 = 0.71 and 0.77, respectively). Moeller et al. (2010) also reported a negative correlation between WBS force and pork juiciness. Moreover, these results showed the significant correlation between TPA parameters and 3 sensory attributes. Springiness showed a positive correlation with juiciness, but a negative correlation with firmness and number of chews, and also the other TPA parameters. The findings from univariate analysis were in agreement with the results of the multivariate analysis, which indicated a positive correlation among springiness, juiciness attributes, and caponization. It obviously infers that springiness and juiciness attributes are the main textural characteristics of capon meat.
In addition, this study revealed the advantage of using a TPA for completely determining the sensory textural properties of cooked chicken meat. The results were in good agreement with the previous study of Caine et al. (2003) reporting that TPA provided more information about the textural properties of meat using the simulation of mastication. In the present study, TPA parameters showed a significant correlation with more than one group of chicken meat samples. As a result of the analysis, the textural characteristic of cooked chicken was best explained by the correlation between textural attributes (firmness, number of chews, juiciness) and many instrumental parameters obtained from WBS, TPA, and UC tests.
Simulating Equations for Caponized Characteristics of Chicken Meat
The simulating equations for estimating caponized characteristics of chicken meat were established. The different simulating equations were performed by stepwise multilinear of PLSR using a combination of instrumental parameters having a β-coefficient value greater than 0.06 (Figure 3) . Table 4 summarizes the statistical result of simulating equations. According to the lowest value of RMSEP, the highest R 2 cv and %Y−explained, the best simulating equation for estimating the caponized characteristics of chicken meat could be obtained by the instrumental data of WBS force (SF), shear energy (WS), Young's modulus (YM), and gumminess (GU). WBS parameters (SF and WF) were significant variables for performing the simulating equations. In contrast, higher RMSEP value (> 0.324), lower R 2 cv value (< 0.540), and lower %Y−explained (< 55%) were observed in the simulating equations that were performed by only TPA parameters (HA, SP, GU) alone or in combination with YM.
In conclusion, the findings in this study indicated that cooked caponized chicken meat was more tender and juicier than the chicken meat from other production systems. An increased tenderness was observed in the feed-modified chicken meat when compared to conventionally raised broiler, yet its overall texture was significantly different from that of the capon meat. Pearson correlation analysis indicated that WBS force, shear energy, Young's modulus of compression, gumminess, and springiness were positively correlated with firmness and number of chews, but negatively correlated with juici- ness of the meat. The PLSR results suggested that such sensory attributes could be characterized by the WBS and the UC parameters, as well as TPA parameters. According to the optimized simulating equation, the cooked caponized breast could be differentiated from the cooked meat of the other systems based on WBS force, shear energy, Young's modulus, and gumminess parameters. gratefully thank Sun Food International Co., Ltd. for supplying chicken meat used throughout the study.
